Interaction of certain inorganic and organic compounds with activated carbon and the effect of such interaction on open circuit potential of activated carbon were studied. Open 
Introduction
Open circuit potential shifts in the course of interaction of platinum electrodes with inorganic compounds were first observed by Frumkin et al. [1] and later were studied in detail on catalytically active metals of the platinum group with formation of adatoms [2] ; open circuit potentials and total charge during the adsorption of carbon monoxide have also been studied on a platinum electrode [3] . The relationship between pulses of current and open circuit potentials for strong adsorption of neutral species and ions were studied on a hydrogen electrode [4] . Negative potential shifts were obtained during adsorption of iodide ions on modified platinum electrodes [5] . Similar shifts also occur on other metal electrodes due to adsorption of organic compounds [6] . However, this phenomenon has not been studied sufficiently on porous carbon electrodes; moreover, the nature of the shifts is still unclear. In addition, measurements of open circuit potential shifts in time during adsorption or other interactions in the system of activated carbon and inorganic or organic compound in the presence of dissolved oxygen are few in literature. This phenomenon for the adsorption of Ag + and Cu 2+ cations on preliminary polarized activated carbons was described by Goldin et al [7] .
Fundamental studies of electrochemical behavior and adsorption properties of activated carbons have led to a unified electrochemical theory of adsorption on activated carbons [1] . According to this theory, activated carbon immersed in water adsorbs dissolved oxygen from water, in the form of C + …O − , thereby becoming an oxygen electrode.
The Frumkin theory for carbons, as part of his general theory of adsorption of ions and organic molecules on electrodes [1, 8] , was key to understanding the necessity of taking into account the electrochemical properties of adsorption processes on activated carbons. The influence of interaction of oriented water dipoles and adsorbate molecules on the mechanism of adsorption was developed by Bockris et al. [9, 10] . The electrochemical theory is still used today for adsorption studies on activated carbons [7, 11, 12] development of new electrosorption processes on activated carbon [13] and other porous carbon materials [14] .
It should be emphasized that, from the opposing viewpoint, adsorption and ionexchange properties of activated carbons should be determined by the composition and chemical properties of substances on the surface of activated carbons [15, 16, 17] However, the electrochemical theory covers more completely the phenomena and properties of the electrode/solution system with dissolved oxygen; moreover, only a combination of electrochemical, chemical, hydrophobic-hydrophilic properties of surface compounds, as well as structural parameters of activated carbons, could yield a more complete understanding of the phenomena occurring at the interface between activated carbon and solution [18] . Table 1 . Potentials of activated carbon were measured in time against the silver/silver chloride reference electrode. The above measurements seem very straightforward at first sight. However, the activated carbons investigated are granulated, their granules quite fragile [19] . Undoubtedly, ensuring a good electrical contact between the granules is an important condition of obtaining reproducible measurements of activated carbon potential.
Therefore, it was especially important to provide proper electrical contact between granules, at the same time keeping the pressure on the granules low, so as to avoid destruction of granules and dust formation.
The above considerations were taken into account in designing a special column for measurements with granulated carbon, shown on Fig. 1 . It was found that tightness, good conductivity, and integrity of carbon granules were ensured if the dry weight of carbon sample was ca. 2.0 -3.0 g (or the weight of a sample wetted with deionized water, ca.
3.5 -7.0 g), depending on the brand of activated carbon. The electrical resistance of active carbon samples in the assembled device was 24.8 -250, while the electrical resistance of wetted samples was 6 -64 .
The column comprised the casing 1 and clamp cover 2, both made of Teflon, stainless steel bottom 3 and upper 4 meshes that were quite elastic in order to provide the necessary pressure on the carbon granules 5 placed inside an empty compartment in the casing base 1 ( Figure 1 ). The device was assembled in the following way: a sample of activated carbon was placed into the empty space inside the base 1, then the upper mesh 4 and rubber gasket 6 were placed on top, with the cover 2 placed over it. Four screws 7
with nuts 8 and washers 9 were used to secure the cover 2 to the base 1. In order to avoid having a galvanic pair that would interfere with potential measurements, no metallic parts other than meshes were used (including screws, washers, and nuts).
The problem of correct measuring the potential of granulated activated carbon deserves a detailed discussion. Since the stainless steel wire mesh was used for measurement of potential as a current-carrying terminal (and, at the same time, for carbon In the presence of Cr 3+ , the resulting mixture yellowed.
Acetone and 2-propanol were determined by gas chromatography on a Carbowax 20M phase using the Shimadzu GC17 chromatograph. Sodium barbital (Medinal) was determined spectrophotometrically [22] , using the Shimadzu UV 2401 PC spectrophotometer.
Results and Discussion
First, initial values of open circuit potential for activated carbon in aqueous solutions of inorganic substances were measured ( Table 2) The shapes of these curves indicate that potential shifts should be measured for at least one half-hour. As seen from the data, different positive and negative potential shifts occurred. Directions and magnitudes of potential shifts obtained for the substances and brands of carbons studied are shown in Tables 3 and 4 6 ] on AR-3A (269 mV and 252 mV, respectively). Thus, it was shown that interaction between inorganic salts and activated carbons did not lead to adsorption of either cations or anions, since the total amounts of iron, chromium, and sulfur was unchanged after the contact of the salt solutions with carbons.
On the contrary, redox transformations of the salts were occurring on carbon surface.
Therefore, it was supposed that open circuit potential shifts have taken place due to charge transfer between the inorganic salt, the carbon surface, and chemisorbed oxygen.
Indeed, the oxidizing agent potassium dichromate was reduced and transformed into chromate, while the surface of activated carbon was oxidized; at the same time, the open circuit potential of carbon shifted in the positive direction. Moreover, the reducing agent sodium sulfite was oxidized and transformed into sulfate, while the surface of activated carbon was reduced; at the same time, the open circuit potential of carbon shifted in the negative direction.
Therefore, the cause of potential shifts when activated carbons come into contact with the above mentioned inorganic substances is quite clear-viz., electron exchange occurs between the electrolyte and the surface of activated carbon, resulting in oxidation or reduction of surface compounds. Indeed, similar conclusions were drawn in an earlier work [7] .
It was a more daunting task to understand the nature of potential shifts for inorganic substances that do not possess significant redox properties. For example, copper and zinc sulfates gave only positive shifts when in contact with any of carbons studied. The largest magnitudes of shifts were obtained on AR-3A carbon (180 mV for copper and 101 mV for zinc sulfates), although shifts on other carbons were also quite considerable, ca. 90-100 mV, except those on AG-3 and VSK for zinc sulfate (22.5 mV and 30.8 mV, respectively). In our previous publication [7] it was shown that both cations were adsorbed on polarized carbons SKT-6A and SIT-1, and the adsorption activity depended on the nature and potential of carbon. It is probable that potential shifts may have been caused by specific adsorption of copper and zinc cations on the carbons investigated, and the difference in magnitudes could be attributed to different specific adsorption activities of copper and zinc cations on different carbons.
Potential shifts for sodium sulfate, nitrate and nitrite were the smallest in magnitude.
It was supposed that potential shifts in that case may be attributed either to low specific adsorption or to ion-exchange properties, which oxidized activated carbons are known to possess [23] . Moreover, it has been shown that anodic treatment of activated carbon surface leads to an increase in ion exchange capacity without any change of surface or pore structure [24] . Finally, it is also known that potential shifts on platinum electrodes are caused by formation of adatoms of adsorbed ions [2] , and specific adsorption of ions on activated carbons is also probable. Potential shifts in the course of adsorption of organic substances were observed for all of the substances studied, with the exception of albumin. Figure 2 shows the time Table 5 Adsorption of organic compounds on activated carbon SIT-1 (120 min). . Literature values of molecule cross-sections were used [25] . Specific surface of carbon were discussed earlier and shown in Table 1 .
Again, the potential of activated carbon did not change during the adsorption of albumin, while the adsorption of other adsorbates led to shifts of initial potentials in the positive direction. It is also noteworthy that the magnitude of these shifts depends on the degree of coverage of active carbon surface.
Based on these data, one can suggest that desorption of the adsorbates from activated carbon should lead to a reversal of potential shifts in the negative direction. Moreover, the magnitude of such shifts should correlate with the washed out amount of adsorbates desorbed.
To test the above hypothesis, an attempt was made to remove the adsorbed compounds from the surface of activated carbon; open circuit potentials of the adsorbent were measured during this process. Desorption of the adsorbates from activated carbon by washing with water was observed for all compounds except albumin, which did not show any appreciable desorption. Moreover, the degree of desorption was different for all adsorbates. It was found that desorption of adsorbates from the adsorbent led to reverse shifts of the potential in the negative direction. The magnitude of such reversals was shown to correlate with the amount of adsorbate eliminated. For example, eliminating 47% of adsorbed acetone on the surface of SIT-1 adsorbent led to a reverse potential shift of 53%; eliminating 41% of acetone off the SKT-6A adsorbent, to a reverse shift of 50%; eliminating 98% of 2-propanol off the SIT-1 adsorbent, to a reverse shift of 132%.
Thus, it was shown that the magnitude of potential shifts is directly related to the degree of coverage of activated carbon surface. It should be emphasized that the adsorption/desorption data confirmed the qualitative dependence of potential shifts of active carbon on the filling of the adsorbent surface.
The presence of open circuit potential shifts for systems without any redox transformations could be explained by the influence of adsorbed organic substances on the parameters of double electric layer (more precisely, its capacitance) because the dielectric coefficient for all of the organic compounds studied is considerably distinguishable from that of water. 
Conclusions

